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Summary 
The synthesis of polyurea dispersion polyols (PHD) was de-
veloped using a new route via depolymerization of poly-
urethane polyureas by a mixture of at least two glycols in 
the pres ence of a consumable catalyst, i. e. a secondary 
aliphatic amine. On this way such polyols were produced 
with a particle size distribution with a maximum in the 120 
to 400 nanometer region with hydroxyl numbers of 180 to 
300 mg KOH/g being optically clear and highly reac tive. 
The exact adjustment of the ethylene oxide content of the 
reaction mixture together with that of the polyether polyol 
originally present in the polyurethane polyurea used in a 
pre determined range of surface tension as well as specifi c 
reaction conditions leads to these polyols which will give 
in turn polyurethanes with exceptional properties. 
 
Zusammenfassung
Es wird eine neuer Weg für die Herstellung von Harn-
stoff Dispersions-Polyolen (PHD) über die Depoly-
merisation von Polyurethan-Polyharnstoffen unter 
Verwendung einer Mischung von zumindest zwei 
Glykolen und einem Katalysator, z. B. einem sekun-
dären aliphatischen Amin, entwickelt. Auf diesem Weg 
wurden Polyole mit einem Maximum der Teilchengrö-
ßenverteilung im Bereich 120 bis 140 Nanometer mit 
Hydroxyl-Zahlen im Bereich 180 bis 300 mg KOH/g bei 
optischer Klarheit und hoher Reaktivität hergestellt. 
Bei genauer Abstimmung des Ethylenoxidgehalts der 
Reaktionsmischung auf den der Polyetherpolyole, die 
ursprünglich im Polyurethan-Polyharnstoff verwendet 
wurden, sowie durch Arbeiten sowohl in einem de-
fi nierten Bereich der Oberfl ächenspannung wie auch 
der Reaktionsbedingungen werden die beschriebenen 
Polyole erhalten, die wiederum zu Polyurethanen mit 
außergewöhnlichen Eigenschaften umgesetzt wer-
den können.
Introduction 
Polyurea dispersion polyols (PHD or PIPA polyols) are 
presently prepared by the in situ polyaddition reaction 
of isocyanates and amines in propylene oxide based 
high molecular weight polyether polyols [Narayan 
1992]. The reaction between the added amine, usu-
ally ethanolamine or hydrazine, and the isocyanate, 
in general toluylene diisocyanate (TDI) is performed in 
high speed mixers in a way that only the amine group 
reacts with the formation of urea groups. The hydroxyl 
groups do not take part in the reaction. By this proc-
ess, it is attempted to obtain the highest possible solids 
load in the polyol at lowest viscosities and long shelf 
life [Rische 2004]. The particle size of the polyureas in 
the polyol is beyond 5 μm resulting in typical disper-
sions. In this paper we report on a new way to obtain 
stable disper sions with oligourea particles in the na-
nometer range with a load of 10 to 20 % by weight. As 
a general method a combined aminolysis/glycolysis of 
polyurethane polyureas as are present in high resiliency 
foams [Behrendt 1999] is used. In this method the gly-
col component is ad-justed with a balanced proportion 
of ethylene and propylene oxide units and specifi c reac-
tion conditions are to be used. 
Materials and Methods 
In the synthesis of the PHD polyols diethylene gly-
col (DEG) and dipropylene gycol (DPG) received from 
Stockmeyer GmbH were used without further purifi ca-
tion. Polypropylene gly cols were a gift from BASF AG 
which is gratefully acknowledged. Polyethylene glycols 
200, 400, or 600 were received from BASF AG and used 
without further purifi cation but only dried over mo-
lecular sieves. Di-n-butyl amine reagent grade was ob-
tained from BASF AG. HR foams were received as a gift 
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from Fehrer AG of Markranstädt, Germany. The general 
synthesis route is as follows: Into a 1.5 l four necked 
glass fl ask equipped with magnetic stirrer, nitrogen in-
let, refl ux condenser, and thermocouple with exterior 
electric heating mantle and magnetic stirrer unit the 
calculated amounts of glycols were placed add ing 5 % 
b. w. of the secondary amine. After heating up the mix-
ture to a temperature of 180°C the foam fl akes were in-
troduced with stirring. After 0, completing the addition 
the reaction mixture is stirred for another 30 minutes 
at 220°C. The reaction mixture is then cooled to ambi-
ent temperature and used without further purifi cation 
or other treatment steps. Hydroxyl numbers and amine 
numbers were determined according to standards [DIN 
1971]. The viscosity was measured through the rota-
tion and oscillation mode of a Rheostress® 300 (Haake 
GmbH) with the temperature controlled at 25°C. Parti-
cle sizes were determined using the NANOPHOX® laser 
light scattering method. 
 
Results 
In a fi rst series of experiments the composition of the 
solvolysis mixture was composed of DEG and DPG with 
other parameters kept constant. The ratio of DEG and 
DPG was sys tematically changed in steps of 10% (table 
1). By these changes the ethylene oxide content of the 
polyol mixture was gradually increased while the sur-
face tension of the mixture gradu ally decreased taking 
the ethylene oxide end block of the polyether polyol 
in the HR foam as constant with 13 % b. w. The surface 
tension, usually measured in aqueous solution, can also 
be used as a parameter to predict the solubility of urea 
structures. As is shown in fi gure 1 the viscosity, the par-
ticle size of the oligoureas in the polyol, and the stabil-
ity changed dramatically as a result of increasing eth-
ylene oxide content. When using 100 % DPG, which is 
the typically used solvolysis reagent [Tucker 1976], the 
particle size exceeds 10 μm in av erage and the reaction 
mixture tends to become instable. With increasing the 
ethylene oxide content, i. e. increasing the portion of 
DEG, the stability improves and the particle size de-
creases reaching a minimum at 40 to 50 % of DEG or 
with a total ethylene oxide content of the mixture of 
about 25 % b. w. In this range the particle size was found 
to be in the range of 100 to 400 nm with a maximum of 
the particle size distribution curve at 180 nm. 
As is seen from table 1 with 0 or 10 % b. w. of DEG 
in the solvolysis mixture the polyurea particles in the 
particulate reaction mixture are in the range above 
1 μm. They were actually found to be in the range from 
No. 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 
DPG:DEG 100 : 0 90 : 10 80 : 20 70 : 30 60 : 40 50 : 50 40 : 60 30 : 70 
Hydroxyl No. (mg KOH/g) 280 302 310 320 333 344 330 340 
Amine No. (mg KOH/g) 58 58 56 58 59 57 55 59 
Viscosity O (mPas) 15,300 9,100 5,960 5,250 3,930 3,570 3,290 3,050 *) 
Viscosity R (mPas) 10,200 7,100 5,830 5,170 3,900 3,520 3,250 3,000 *) 
Difference of viscosities 5,100 2,000 130 80 30 50 40 – *) 
Remarks particulate 
dispersion 
particulate 
dispersion 
clear clear clear clear clear two phases 
Tab. 1: Solvolysis results of HR foams in DEG – DPG mixtures under constant conditions (63 % b. w. foam, time of reaction 30 minutes, reaction tem-
perature 220°C) (viscosity measurement by oscillation »O«, by rotational mode »R«), *) The viscosity could be determined in the upper phase only so 
that no viscosity difference value is given. 
Fig. 1: Viscosity and stability of PHD polyols prepared from DEG/DPG 
mixtures as solvolysis reagent 
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8 to 76 μm. With increasing the content of DEG in the 
solvoly sis mixture the solvolysate becomes clear and 
the viscosity decreases to a minimum at 60 % of DEG. 
Furthermore, the difference of viscosities determined 
in the rotational and oscillation mode also decreases to 
reach a minimum at a DEG content of 40 % b. w. in the 
glycol mix ture as well. This difference is a hint as to the 
type of viscosity, i. e. the higher this value the higher 
the proportion of non-Newtonian viscosity (structural 
viscosity) and, consequently, the particle size and the 
radii of solvation. 
Polyols prepared by this method were stored at am-
bient temperature to check for their shelf life. It was 
observed that the shelf life increased with decreasing 
particle size reaching more than 360 days with the PHD 
polyols prepared with solvolysis glycol mixtures with 
between 40 and 60 % b. w. of DEG. Further, the viscos-
ity of the reaction mixture prepared at a reaction tem-
perature at 180°C during addition and 220°C had its 
minimum at a ratio between 50 and 60 % b. w. of DEG. 
It is assumed that in this range the stability is highest. 
The particle size distribution was measured by NANO-
PHOX and gave at 50 % of DEG a distribution curve 
starting at 20 nm with a maximum of 120 nm and fi n-
ishing at 320 nm. It is suggested that for the lowest par-
ticle sizes of the oligoureas in the reaction mixture the 
viscosity itself and the difference between the viscosity 
as measured by rotational and oscillation mode has its 
minimum. At this, the stability of the polyols shows its 
maximum when using the same con centration of the 
oligoureas in the other mixtures of the series. The ef-
fect of the concentration of the HR foam in the reaction 
mixture was derived in a series of experiments which 
data are shown in table 2. 
As can be seen from table 2 the optimum concen-
tration of HR foam was found to be 63 % b. w. because 
at higher concentrations the viscosity of the reaction 
mixture rises sharply and becomes turbid due to larger 
particles. An increase of this concentration leads to a 
sharp increase in viscosity and especially in structural 
viscosity and, hence, to a tremendous in crease in par-
ticle size giving rise to fi nally unstable and inhomoge-
neous solvolysates. By increasing the molecular weight 
of the polyethylene glycol (PEG) from 102 of DEG to 
600 and using a similar approach with increasing the 
PEG content in the reaction mixture the results differed 
from those obtained with DEG with respect to stabil-
ity and particle sizes (see table 3). When using PEG 200 
(which is mainly tetraethylene glycol) instead of DEG 
and employing the same reaction conditions, solvolysis 
products could be obtained only in the range be tween 
10 and 30 % b. w. of PEG 200. Higher ratios always lead 
to unstable products and the formation of two phases. 
As the difference of the viscosities measured in the ro-
tational and oscillation mode exceeded in all solvolysis 
products independent on the ethylene oxide con tent 
in the reaction mixture 700 mPas, it was assumed that 
the particle size was approaching 1μm. This was veri-
fi ed by laser light scattering which found a distribution 
between 720 nm and 5.6 μm. Thus, it could be shown 
that PEG 200 was less suitable to be used as a solvoly sis 
reagent due to the longer polyether chains and lower 
 No. 17.5 17.4 17.1 17.6 17.7 
HR foam (%) 53 58 63 68 73 
Hydroxyl No. (mg KOH/g) 400 338 330 248 202 
Viscosity R (mPas) 2,020 3,630 5,250 14,000 30,000 
Viscosity O (mPas) 2,080 3,700 5,290 16,700 42,000 
Viscosity difference 60 70 40 2,700 12,000 
remarks clear clear clear turbid turbid 
Tab. 2: Effect of HR foam concentration on solvolysate properties using a ratio of DPG and DEG of 40 and 60 
No. 2.1 2.2 3.1 3.2 3.3 
PEG 200 (%) 10 30 0 0 0 
PEG 600 (%) 0 0 10 30 50 
Hydroxyl No. (mg KOH/g) 322 284 284 238 -
Viscosity R (mPas) 4,210 6,000 4,000 3,300 -
Viscosity O (mPas) 4,890 6,880 4,220 3,330 -
Remarks clear slightly turbid slightly turbid slightly turbid two phases 
Tab. 3: Effect of higher molecular weight of polyethylene glycols used on the properties of solvolysis products (all other conditions as before) 
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hydroxyl group concentration. Using PEG 600 instead 
of PEG 200 and using up to 50 % b. w. in the glycol mix-
ture the re sults were similar. Only in the range of 10 to 
25 % b. w. of PEG 600 stable reaction products could 
be obtained. In contrast to the solvolysis products ob-
tained with PEG 200 the differ ences in the measured 
viscosities were much smaller, i. e. in the range of 50 to 
200 mPas. This hints to smaller particles in the solvoly-
sis mixture. The values found were, nevertheless, in the 
same range as with PEG 200. 
In another series, the dipropylene glycol was sub-
stituted by monoethylene glycol to avoid the effect of 
additional propylene units in the solvolysis mixture 
(table 4). 
All solvolysates shown in table 4 resulted in two 
phase systems, the top phase being a clear viscous liq-
uid while the bottom phase was a dark, turbid high vis-
cous liquid. Such products are not useful in application 
and, consequently, were not further investigated. In 
another se ries of experiments the monoethylene glycol 
was substituted by DEG (table 5). The solvoly sis prod-
ucts obtained with these mixtures were only two phase 
systems, i. e. the oligourea phase together with a minor 
amount of a glycol separated directly after synthesis. 
With in creasing the amount of PEG 200 the amount of 
the top phase decreased to give a minimum at a 50 : 50 
ratio of DEG : PEG 200. Thus, also such a combination 
of glycols for solvolysis of HR foams turned out to be of 
academic interest only. 
In the series depicted in table 5, all top phases were 
clear viscous liquids while the bottom phases were dark, 
turbid, high viscous liquids. The process variant with 
these mixtures does neither lead to homogeneous sol-
volysis products nor to nanoscale oligoureas in them. 
Two other glycols were investigated to fi nd further com-
positions to produce nanoscale oligourea dispersion 
polyols. In the fi rst series of experiments the main com-
ponent was cho sen to be butane-1,4-diol (BD), used in 
admixture with various proportions with PEG 200. In 
any proportion between 10 and 50 % b. w. of added PEG 
200 the solvolysis products were again two phases and 
were not further analysed. In the second series of ex-
periments a triple mixture of DPG, DEG, and polypro-
pylene glycol of molecular weight 2000 (PPG 2000) was 
No. 7.1 7.2 7.3 7.4 7.5 
MEG:PEG 200 90 : 10 70 : 30 50 : 50 70 : 30 10 : 90 
Hydroxyl No. (mg KOH/g) 345 314 268 212 159 
Viscosity R (mPas)(1) 2,560 2,450 2,240 2,340 1,930 
Viscosity O (mPas)(1) 2,620 2,380 2,300 2,300 1,970 
Visosity difference 60 70 60 40 40 
Remarks two phases two phases two phases two phases two phases 
Tab. 4: Solvolysis of HR foams with mixtures of DPG and higher polyethylene glycols; (1) viscosities were measured in the top phase only
No. 5.1 5.2 5.3 5.4 5.5 5.6 5.7 
DEG : PEG 200 90 : 10 80 : 20 70 : 30 60 : 40 50 : 50 30 : 70 10 : 90 
Hydroxyl No. (mg KOH/g) 262 225 213 200 184 159 131 
Viscosity R (mPas) 3,000 2,760 2,670 2,170 2,220 2,500 2,560 
Viscosity O (mPas) 3,050 2,800 2,700 2,200 2,250 2,560 2,590 
Viscosity difference 50 40 30 30 30 60 30 
remarks Top 80 % Top 70 % Top 70 % Top 65 % Top 60 % Top 70 % Top 60 %
Tab. 5: Solvolysis of HR foams with DEG – PEG 200 mixtures (conditions as described, analytical values are for the top phase only) 
No. 19.7 19.3 19.1 19.2 
DPG : DEG : PPG 40 : 60 : 0 36 : 54 : 10 32 : 48 : 20 24 : 36 : 40 
Hydroxyl No. (mg KOH/g) 330 290 275 217 
Viscosity R (mPas) 3,250 5,300 6,900 12,00 
Viscosity O (mPas) 3,290 6,400 8,900 13,600 
Viscosity difference 40 1,100 2,000 1,600 
remarks clear clear slightly turbid turbid 
Tab. 6: Solvolysis of HR foams with mixtures of DPG, DEG, and PPG 2000
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used (table 6). PPG 2000 was chosen so as to decrease 
the amount of short chain glycols which affect fl exible 
foams produced from them in a negative way. In this 
series, under certain conditions clear, homogeneous 
solvolysis products containing nanoscale oligoureas 
were obtained. 
Only at low concentrations in the range up to 15 % 
b. w. of the long chain polyether diol sta ble homoge-
neous solvolysis products were obtained. But already 
the addition of 10 % b. w. of PPG 2000 to the solvolysis 
mixture results in an increase of the viscosity difference 
as an expression of increasing structural viscosity but 
the solvolysate remains clear showing that the particle 
size is below 1 μm. With increasing the percentage of 
PPG 2000 in the mixture the viscosity of the resultant 
polyol increases sharply and so does the difference of 
both vis cosity measurement modes. This is again a hint 
to the effect of the ratio of ethylene oxide and propyl-
ene oxide but also on the effect of the amount of hy-
droxyl groups present in the mixture and the effect of 
longer polyether chains and coiling which may get into 
competition with the oligourea particles to either com-
mingle with them or form complex adducts. 
Discussion of results 
HR foams are produced in general with a high molecu-
lar weight polyether polyol of a molecu lar mass of about 
5000 to 5500 g/Mol and an ethylene end block of about 
13 % b. w. as the basic component. Foaming is achieved 
by the reaction of water and an aromatic polyisocy-
anat, generally polymeric 4,4’-diphenylmethane di-
isocyanate (p-MDI). By using a molar ex cess of water, 
and its hydroxyl groups to the hydroxyl groups of the 
polyether alcohol in the range of 4 to 1, the ratio of urea 
groups to urethane groups is in a similar ratio. The most 
simple molecule being formed would be 4,4’-diphenyl-
methane diamine (MDA) which has a molecular size in 
the range of 1.5 nm [Swardstrom 1972]. When only one 
urea group in a series based on MDA is present the size 
of the molecule exceeds 5 nm. As a consequence of the 
formulation and the reactions proceeding during foam-
ing, the distribution of the oligoureas is between 1 and 
10 repeating units with a maximum of between 4 and 
5 MDI residues, i. e. the average molecular size is in the 
range of 20 to 30 nm. Consequently, shorter molecules 
or smaller particle sizes cannot be found. The particle 
size of the ureas as received from the foam should be – 
without considering agglomeration-in the range of 20 
to 80 nm [Armistead 1988]. 
Urea groups form strong hydrogen bonds among them-
selves and to other groups being able to interact. Thus, 
the agglomeration of the urea groups during the foam-
ing reaction and, fur ther, during the solvolysis is the 
reason for larger particles and the particle size distribu-
tion found. When urea groups are agglomerated once, 
severe reaction conditions have to be used to split the 
hydrogen bonds. In such cases a side reaction occurs 
with cleavage of some of the urea groups in the end po-
sition of the blocks leading to formation of MDA. But, 
MDA is a carcerogen and, hence, has to be avoided so 
as to minimise problems with legisla tion. The increas-
ing amount of MDA is found when increasing both the 
reaction time and temperature. MDA has another unde-
sired effect – it leads to increases in the viscosity of the 
mixture due to thixotroping. 
By careful adjustment of the reaction conditions and 
the use of increased ethylene oxide con tent in the sol-
volysis mixture both the formation of MDA and the ag-
glomeration of the urea groups can be reduced. Hence, 
the tendency for oligoureas to form larger structures 
can be minimized leading to low viscosity and long 
time stable nanoscale oligourea dispersion poly ols 
[Peshkov 2008]. By careful investigation of several types 
of glycols, reaction conditions, and percentage of HR 
foams in the reaction mixture, it was shown that only 
with a proportion of the short chain glycols DEG and 
DPG of about equal amounts stable PHD polyols could 
be produced. The ratio of DPG and DEG to produce sta-
ble PHD polyols with the oligoureas in the nanometer 
range was shown to be between 55 % and 40 % b. w. of 
DPG. Homogene ous, clear polyols with a percentage of 
nanoscale oligoureas between 10 and 20 % b. w. show-
ing a particle size in the region starting with 20 nm in 
the NANOPHOX curve could be obtained only by using 
simple mixtures of DEG and DPG in a certain propor-
tion. The use of monoethylene glycol, butane-1,4-diol, 
or higher polyethylene glycols had only a negative ef-
fect and resulted in two phase systems. 
Polyetherpolyols build of C2-5 alkoxides are suitable to 
stabilize nanoscale structures particu larly by reduction 
of the surface energy. Typical water-based microemul-
sions show sponta neously formed droplets in the range 
of some 10 nm to 100 nm. For the purpose of stabiliz-
ing microemulsions a variety of alkoxy derivates with 
detergent properties is available with the Lutensol® 
product group of the BASF AG [Nguyen-Kim 2006]. Our 
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experiments have shown that not only nanostructures 
in liquid aqueous systems may be stabilized but also dis-
persions of solid particles are formed and stabilized by 
appropriate polyether systems. The PHD polyols thus 
produced are suitable for the production of fl exible, 
semi fl exible, and rigid polyurethanes, especially coat-
ings. These polyols when reacted with suitable diisocy-
anates or polyisocyanates result in polyurethanes 
with extraordinary properties [Peshkov 2006]. If such 
two component systems composed of the stable PHD 
polyols and suitable polyisocyanates are reacted in the 
absence of foaming agents under fi lm forming condi-
tions, coatings with exceptional high mechanical and 
thermo-mechanical properties are obtained [Peshkov 
2010] which maybe used as leather, textile or metal 
coatings. 
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